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1.0  PROJECT OVERVIEW 

The Paine Field Passenger Terminal project includes constructing a passenger terminal expansion 
building, reconfiguring a parking lot and installing associated utilities near the original terminal building 
within the Paine Field property by Propeller Aviation. Propeller Aviation is a tenant at Paine Field, 
located in unincorporated Snohomish County, south of State Route (SR) 526 and east of SR 525. The 
project site is just south of 100th Street SW near the original terminal building, at 3220 100th Street SW, 
Everett, Washington. The site is located in Township 28N Range 4E, Section 15. See Figure 1 for the Site 
Vicinity Map. 

The 11.15 acre (AC) project site is currently developed and has undergone multiple surface disturbing 
activities over the last 50 years. The majority of the project site is paved, with only approximately 1.15 
AC of existing grass/shrub/tree landscaping. The site includes four existing parking lots: Areas P1, P2, 
P3, and P4. The project site is located in Area P1 and the existing paved terminal aircraft parking ramp 
west of the original terminal building. Areas P2, P3, and P4 are currently paved areas within the existing 
terminal area.  

The 11.15 AC includes 10.70 AC from the leased Areas A1, A2, A3, and A4. There is an additional 0.45 
AC east of the leased area that will be disturbed and includes the paved road and landscaped area. This 
disturbed area will be used to modify the exiting road alignment.  

Terminal area and associated parking lots are shown on Drawing Sheet G5.0, attached. Across  

Total land disturbance for the project is estimated to be approximately 4.5 AC. The passenger terminal 
expansion building and covered walkway will have a new roof footprint of 1.0 AC. Building foundations 
and utility trenching will disturb and replace approximately 1.7 AC of pollution-generating impervious 
surface (PGIS). Existing landscaping converted to parking will disturb and create approximately 1.2 AC 
of new PGIS. Parking converted to landscaping will create 0.6 AC of new pervious surface within Area 
P1. Areas P2, P3, and P4 will be used for employee and passenger vehicle parking, and work will include 
only fencing and restriping. No land disturbance will occur in Areas P2, P3, or P4. 

This Stormwater Site Plan describes the passenger terminal expansion building, associated utilities and 
Area P1 (hereby referred to as the site). It will not include Areas P2, P3, or P4, as land disturbance will 
not occur in these areas.  

The existing site stormwater system includes a series of swales, culverts, trench drains, catchbasins, and 
conveyance piping that discharges into Alpha Pond and eventually into Japanese Gulch. The existing 
conditions are described in further detail in Section 2.0.  No drainage run-off from the project will be 
directed to the Swamp Creek Drainage Basin. 

The proposed stormwater management plan for the site includes a series of catchbasins collecting sheet 
flow from paved surfaces, and storm drains directing stormwater to an oil/water separator on the airside, 
then a pump station and combined detention and water quality treatment vault (wetvault) before 
discharging into the existing storm drain on the northeast side of the site. The proposed stormwater 
management plan is described in further detail in Section 4.0. 
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2.0  EXISTING CONDITIONS 

Existing site conditions, adjacent areas, and drainage features are described in this section. 

2.1 TOPOGRAPHY 

The existing site is generally relatively flat with an average elevation ranging from approximately 590 to 
600 North American Vertical Datum (NAVD) 88, and slopes from east to west at an average slope of one 
percent.   

2.2 SOILS 

The site is classified by the Natural Resources Conservation Service (NRCS) as Urban Land. Subsurface 
conditions were investigated for previous projects in the site vicinity at the GA/Corporate Ramp 
Expansion area, and the Air Traffic Control Tower and Base Building, which are both directly adjacent to 
the site. According to the Engineer’s Design Report, (HNTB, 2005), a total of 30 test pits were excavated 
within and surrounding the ramp expansion area in 2005, and five soil borings were completed within the 
area of the air traffic control tower in 1996 (GeoEngineers, 1996). In both investigations, soils were found 
to consist of four to six inches of sod and topsoil. Below the topsoil a layer of medium-dense to dense fill 
material six to eight inches thick was observed. Dense to very dense glacial till was encountered below 
the topsoil and fill, and explorations were terminated in the glacial till soils three to five feet below the 
surface, due to refusal.  Fill was classified as “SM” (silty sands, sand-silt mixture).  

Static groundwater was not observed in the test pits or borings. Perched groundwater was observed in 
approximately one-third of the test pits, typically between layers of differing soils on top of the glacial 
till. 

Existing soils were observed to be inadequate for storm drainage infiltration. 

2.3 GROUND COVER AND CRITICAL AREAS 

The existing site is mostly paved with small, narrow areas of landscaping consisting of seeded grasses, 
trees, and shrubs within the existing parking areas.   

Nearby surface water bodies, approximately 3,000 feet and 1,300 feet from the site, are the Alpha Pond, 
and Boeing Lake, respectively. Alpha Pond is located northwest of the site and serves as a regional 
stormwater detention and water quality pond. Boeing Lake is located northeast of the site; no site 
stormwater enters Boeing Lake. 

A State Environmental Policy Act (SEPA) checklist was prepared by AECOM in April 2016, and it was 
determined that no critical areas or jurisdictional waters are impacted by the project.   

2.4 ADJACENT AREAS 

The site is located within the Paine Field terminal aircraft parking ramp and existing terminal area parking 
lots. The site is on the west side of 100th Street SW west of Airport Road. Across Airport Road to the east, 
BOMARC Business Park Building 45-70 is leased by Boeing. Across 29th Avenue W to the west, a 
parking lot is owned by Boeing. Across 94th Street SW on the north, wetlands in Area B and Boeing Lake 
areas are owned by Boeing. 
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2.5 DRAINAGE AND EXISTING STORMWATER FACILITIES 

The existing site stormwater system includes a series of trench drains, catchbasins, and conveyance piping 
that discharges into Alpha Pond and eventually into Japanese Gulch. Trench drains collect runoff from the 
terminal aircraft parking ramp, and catchbasins collect runoff from parking Area P1. Site storm drains are 
generally 12-inch and 18-inch diameter. Site stormwater is then routed to a 21-inch diameter concrete 
pipe on the northeast corner of the site, and then heads north to increasingly larger pipes until reaching the 
regional detention and water quality facility, Alpha Pond. From Alpha Pond, stormwater flows out to 
Japanese Gulch and eventually to Puget Sound. 

2.6 ON- AND OFF-SITE UTILITIES 

On- and off-site utilities include water, fire, natural gas, underground communications and underground 
power.   
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3.0   OFF-SITE ANALYSIS 

As required by Section 3.3 of the 2016 Snohomish County Drainage Manual (SCDM), an off-site analysis 
was completed for the project and is described in this section. 

3.1 STUDY AREA 

The study area for the off-site analysis encompasses the site and the drainage route one-quarter mile 
downstream of the site. Previous reports and drawings were reviewed to gain an understanding of the 
existing stormwater facilities (HNTB, 2005; Javiation, 2016).   

3.2 AVAILABLE DATA 

Available drawings for the site were reviewed to determine the stormwater route through the site and 
discharge points. Drainage reports were prepared for previous projects performed in the site vicinity: 
GA/Corporate Ramp Expansion Project and Hotspots 1 & 2 Remediation. These reports describe the 
stormwater route beyond one-quarter mile downstream of the project site (HNTB, 2005; Javiation, 2016).  

3.3 FIELD INSPECTION 

On April 11, 2016, Ms. Gina Franco, P.E. of AECOM conducted a field inspection to verify downstream 
conditions gathered from the available data noted above. AECOM verified that the site stormwater is 
collected by a series of trench drains and catchbasins, routed through onsite manholes, then to a 21-inch, 
diameter pipe that routes to the Alpha Pond regional water quality and detention facility, which then 
flows to Japanese Gulch. 

3.4 UPSTREAM ANALYSIS 

No other stormwater runoff from upstream areas is expected to flow onto the site. 

There do not appear to be problems in managing the flows under the existing condition. No evidence of 
erosion or flooding was observed during the site visit. 

No upstream backwater affects are anticipated to be caused by the proposed construction. 

3.5 DOWNSTREAM ANALYSIS 

The stormwater runoff route downstream of the project site has been documented for previous projects 
performed in the site vicinity (HNTB, 2006; Javiation, 2016), and was verified by a field inspection. Site 
stormwater is collected by a series of trench drains and catchbasins, routed through onsite manholes, and 
then to a 21-inch, 24-inch, 48-inch and finally a 54-inch diameter pipe that routes discharge into Alpha 
Pond, a regional detention facility. Stormwater is discharged from Alpha Pond into a 36-inch diameter 
culvert conveying water under the northeast end of Paine Field, where it discharges to a roadside ditch on 
the south side of SR 526. Flow from the ditch enters a short drain system that conveys flow under SR 526 
and then discharges to Japanese Gulch (HNTB, 2005). Stormwater from Japanese Gulch is discharged 
into Puget Sound.  
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3.6 CONDITION ASSESSMENT 

There was no evidence at the inlets or outlets of the observed structures and catchbasins to indicate that 
erosion or flooding occurs. No capacity constraints were observed in the drainage system downstream of 
the project site. 
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4.0  PERMANENT STORMWATER CONTROL PLAN 

4.1 DETERMINATION OF APPLICABLE MINIMUM REQUIREMENTS 

The site qualifies as a redevelopment project per the definition provided in the 2016 SCDM, “The 
following activities that take place on a site that already has 35 percent or more existing hard surface 
coverage: the creation of new hard surface(s); structural development including construction, installation, 
expansion or replacement of a building footprint or other structure; replacement of existing hard surface 
that is not maintenance; and land disturbing activity.” Therefore, per Figure 1.2 ‘Minimum Requirements 
for Redevelopment Projects’ in Volume I, Chapter 2 of the SCDM, Minimum Requirements 1 – 9 shall 
apply to new hard surface.  In addition, because the project results in 5,000 square feet or more of new 
plus replaced hard surface AND the value of the proposed improvements exceed 50% of the assessed 
value of the existing site improvements, Minimum Requirements 1 – 9 shall also apply to replaced hard 
surface. 

The total area draining through the combined detention and wetpool facility (wetvault) is 8.43 AC, but 
only 4.5 AC will be disturbed as part of the proposed construction, including 1.0 AC of new roof; 1.2 AC 
of new PGIS; 1.7 AC of replaced PGIS; and 0.6 AC of new pervious surface, as shown in Table 4-1.  
Leased areas, A2 and A3 have no disturbed areas and do not drain to the wetvault, therefore are not 
included in the area analyzed for the developed site. 

The 2.9 AC of new plus replaced PGIS was used to size and model the new water quality facility using 
the Western Washington Hydrology Model Version 12.0 (WWHM12) model under pre-developed and 
post-developed conditions, as described in Sections 4.2 and 4.3.  

The 4.5 AC of disturbed area was used to size and model the new detention facility using WWHM12. A 
wetvault was determined to be the most practical treatment option for this site due to the limited footprint 
available and the site grading in relationship to potential discharge points. 

Table 4-1:  Disturbed Areas of Developed Site 

Item Area (AC) 
Disturbed Site Area   4.5 

Paving (PGIS) (1.2 AC new and 1.7 AC replaced) 2.9 

Landscaping (Pervious) 0.6 

Roof Area (NPGIS) 1.0 
 

A stormwater pump station is required upstream of the wetvault, due to site surface elevations and 
discharge invert elevations. A large wetwell and two large propeller pump and two small submersible 
pumps provide capacity for the range of runoff flows from 2-year, 24-hour to 100-year, 24-hour 
recurrence interval storms. The second large propeller pump is required per the County as a redundant 
backup.  

The redeveloped site is not a high-use site due to traffic counts; however, the terminal aircraft parking 
ramp is subject to Oil Control Requirements because of the potential for spills during aircraft fueling. 
Therefore, the oil/water separator (OWS) was sized to accommodate the most significant potential spill 
volume (5,000 gallons) and was placed immediately downstream of the terminal aircraft parking ramp 
trench drains. 
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The conveyance system was sized for the total site area (disturbed and undisturbed) of 8.43 AC using the 
24-hour, 25-year return period storm.  Per the Snohomish County Engineering Design and Development 
Standards (EDDS) manual, the wetvault outlet pipe was sized using the 24-hour, 100-year return period 
storm. 

4.2 PRE-DEVELOPED CONDITION 

The pre-developed site hydrology was modeled from the existing topography, soils, and land use 
described in Section 2. Hydrologic modeling was conducted using WWHM12, a computer program 
developed for Washington State Department of Ecology (DOE). 

Disturbed site area, 4.5 AC, was modeled in WWHM12 for pre-developed condition.  

The site is currently mostly paved and according to Volume 3, Section 2.2.2 of the 2016 SCDM, the 
historic pre-developed hydrologic condition should be modeled using a fully-forested condition for the 
site. Based on the test pit excavation and boring soil characteristics described in Section 2.0, the pre-
developed condition was modeled using hydrologic Soil Group C - Till.  

The WWHM12 model flow frequency results for the pre-developed condition are presented in Table 4-2. 

Table 4-2:  Pre-Developed Site Hydrology 

Return Period Flow (cfs) 

2-year 0.05 
5-year 0.08 

10-year 0.10 
25-year 0.12 
50-year 0.14 

100-year 0.15 

4.3 POST-DEVELOPED CONDITION 

The post-developed condition includes a total disturbed area of 4.5 AC, comprised of 0.6 AC of 
landscaped area, 2.9 AC of paved area (1.2 AC new and 1.7 AC replaced), and 1.0 AC of roof area, as 
shown on Sheet C6.0, Drainage Plan.   

Based on the test pit excavation and boring soil characteristics described in Section 2.0, the post-
developed condition was modeled using hydrologic Soil Group C - Till. Table 4-3 presents WWHM12 
model flow frequency results for the developed condition. Complete hydrologic model output is included 
in Appendix A, Calculations. 

Generally comparing pre-developed flows to developed flows calculated for the 4.5 AC of disturbed area, 
the predicted increase in flow rate is more than 1 cubic feet per second (cfs) for each return period 
analyzed (2-, 5-, 10-, 25-, 50-, and 100-year). Therefore, according to the SCDM, flow control/detention 
is required for the site. 
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Table 4-3:  Developed Site Hydrology  

Return Period Flow (cfs) 

2-year 1.27 

5-year 1.73 

10-year 2.08 

25-year 2.56 

50-year 2.95 

100-year 3.37 
 

Table 4-4 summarizes the detention volume, water quality volume, and flow rates for the developed site 
for the permanent stormwater management design. 

Table 4-4:  Detention/Water Quality Sizing  

Required Detention Volume 2.09 Ac-Ft or 91,040 Cubic Feet  

Required Water Quality Volume 0.24 Ac-Ft or 10,460 Cubic Feet 

Water Quality Target Flow (adjusted for 15 minutes) On-line: 0.2 cfs 

4.4 PERFORMANCE STANDARDS AND GOALS 

Performance standards and goals for this project are in accordance with Volume I, Chapter 2 of the 2016 
SCDM. 

As described in Section 4.1, according to the SCDM, the site qualifies as a redevelopment site, and 
Minimum Requirements 1 – 9 shall apply to new and replaced hard surface. The minimum requirements 
for redevelopment sites are listed in Table 4-5 and discussed in the sections that follow. 

Table 4-5:  Minimum Requirements 

1. Preparation of Stormwater Site Plans 
2. Stormwater Pollution Prevention Plan (SWPPP) 
3. Source Control of Pollution 
4. Preservation of Natural Drainage Systems and Outfalls 
5. On-Site Stormwater Management 
6. Runoff Treatment 
7. Flow Control 
8. Wetlands Protection 
9. Operation and Maintenance 

4.4.1 Minimum Requirement #1: Preparation of Stormwater Site Plans  

This document is the Stormwater Site Plan for the redevelopment of the site, prepared in accordance with 
Volume I, Chapter 3 of the SCDM.  
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4.4.2 Minimum Requirement #2: Stormwater Pollution Prevention Plan (SWPPP) 

The Stormwater Pollution Prevention Plan (SWPPP) will be prepared under a separate cover. This report 
will include source control of pollutants during construction. In general, the wetvault and associated Best 
Management Practices (BMPs), such as stabilized construction entrances, catchbasin inserts, and silt 
fences, would be the first elements installed during construction. These stormwater control features would 
be operated and maintained throughout construction of the project. Upon completion of construction, the 
wetvault would be cleaned and made fully operational, and the remaining temporary BMPs would be 
removed. 

4.4.3 Minimum Requirement #3: Source Control of Pollution 

Water pollution source control of pollutants, both during construction and for the developed site 
following construction, will be implemented per Volume IV of the SCDM, including but not limited to: 

 Spill Response and Reporting 
 Source Control BMP Inspection/Maintenance 
 BMPs for Deicing and Anti-Icing Operations – Airports and Aircraft 
 BMPs for Landscaping and Lawn/Vegetation Management at Commercial Sites 
 BMPs for Maintenance and Repair of Vehicles and Equipment 
 BMPs for Mobile Fueling of Vehicles and Heavy Equipment 
 BMPs Required for Development or Redevelopment at Commercial or Industrial Facilities 
 BMPs for Parking and Storage of Vehicles and Equipment 

 

Following construction, disturbed areas will be covered with paved asphalt parking areas and concrete 
aircraft parking ramps to limit mud, dust, and maintenance issues. In order to limit erosion and 
subsequent sedimentation within the site, planned landscaped areas would be relatively flat, would 
receive topsoil, and would be stabilized using permanent vegetation. Deicing and anti-icing may occur at 
the site in the future, and fluids will be collected and diverted to sanitary sewer using a three-way plug-
port valve. Landscaping pesticides and fertilizers shall be applied according to label directions. 

4.4.4 Minimum Requirement #4: Preservation of Natural Drainage Systems and Outfalls 

Currently, stormwater runoff leaves the site via a 21-inch diameter storm drain on the northeast side of the 
site, and is eventually discharged into Alpha Pond. Alpha Pond then flows into Japanese Gulch.  

Refer to Section 2.5 for a description of the existing drainage system. Post-development runoff from the 
site will continue to discharge to the current discharge location. 

4.4.5 Minimum Requirement #5: On-Site Stormwater Management 

This project will employ on-site stormwater management techniques to infiltrate and retain stormwater 
runoff on-site to the extent feasible without causing flooding or erosion impacts. 

The site is considered a redevelopment inside the Urban Growth Area per Table 1.1 of Volume I, Chapter 
2 of the SCDM. List # 2 of the Low Impact Development Standard applies to the site, as the project 
triggers Minimum Requirements 1 through 9.  

BMPs for various surfaces are provided in List # 2. The first BMP in the order listed that is feasible for 
each surface is required to be implemented per the SCDM. If a BMP is determined to be feasible for a 
surface, no other on-site stormwater management BMP is necessary for that surface. An on-site 



Paine Field Passenger Terminal – Stormwater Site Plan 

 10 November 2016 

 

stormwater management BMP shall not be required for a surface if it is determined that no BMP is 
feasible for that surface. 

Lawn and Landscaped Areas: 

1. Post-Construction Soil Quality and Depth in accordance with BMP T5.13 in Volume V, 
Chapter 5 of this manual – This BMP is feasible for the site and will be implemented for the 
landscaped areas.  

Roofs: 

1. Full Dispersion: Per BMP T5.30 of Volume V of the SCDM, this BMP can be used on residential 
developments and for public road projects. This BMP involves dispersing the runoff from 
impervious and cleared areas, and protecting at least 65 percent of the site in forest or native 
condition. This site is not a residential development or a public road project and is an industrial 
site. Therefore, full dispersion cannot be used. In addition, the site is already developed under 
current conditions and cannot maintain at least 65 percent of the site in native or forested 
condition, which is required for BMP T5.30 of Volume V of the SCDM. Full dispersion does not 
apply. 

2. Bioretention: This BMP is not feasible because the soils onsite do not have suitable infiltration 
rates for bioretention as described in Section 2.2. In addition, ponded water is not allowed by the 
airport because water attracts waterfowl which may cause significant safety issues for the 
airplanes. Bioretention does not apply. 

3. Downspout Dispersion Systems: This BMP is not feasible because the soils onsite do not have 
suitable infiltration rates for infiltration and dispersion. In addition, due to development 
constraints, pervious areas sufficient to disperse the runoff cannot be provided. Downspout 
dispersion systems do not apply. 

4. Perforated Stub-out Connections: This BMP is not feasible because the soils onsite do not have 
suitable infiltration rates for infiltration. In addition, due to development constraints, pervious 
areas sufficient to disperse the runoff cannot be provided. Perforated stub-out connections do not 
apply. 

Other Hard Surfaces: 

1. Full Dispersion: Per BMP T5.30 of Volume V of the SCDM, this BMP can be used on residential 
developments and for public road projects. This BMP involves dispersing the runoff from 
impervious and cleared areas, and protecting at least 65 percent of the site in forest or native 
condition. This site is not a residential development or a public road project and is an industrial 
site. Therefore, full dispersion cannot be used. In addition, the site is already developed under 
current conditions and cannot maintain at least 65 percent of the site in native or forested 
condition, which is required for BMP T5.30 of Volume V of the SCDM. Full dispersion does not 
apply. 

2. Permeable Pavement: This BMP is not suitable because the soils onsite do not have suitable 
infiltration rates to infiltrate the runoff. Permeable pavement does not apply. 

3. Bioretention: This BMP is not feasible because the soils onsite do not have suitable infiltration 
rates for bioretention. In addition, ponded water is not allowed by the airport because water 
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attracts waterfowl which may cause significant safety issues for the airplanes. Bioretention does 
not apply. 

4. Sheet Flow or Concentrated Flow Dispersion: This BMP is not feasible because the developed 
site conditions do not have sufficient pervious areas to provide a minimum 10-foot flow path per 
every 20 feet of contributing surface. Sheet flow or concentrated flow dispersion does not apply.  

4.4.6 Minimum Requirement #6: Runoff Treatment 

In accordance with Volume I, Section 2.5.6 of the SCDM, stormwater treatment facilities are required for 
projects in which: 

 the pollution-generating hard surface (PGHS) is 5,000 SF or more; or  

 the pollution-generating pervious surfaces (PGPS), excluding permeable pavement, is three-
quarters of an acre or more. 

The purpose of runoff treatment is to reduce pollutant loads and concentrations in stormwater runoff 
using physical, chemical, and biological removal mechanisms so that beneficial uses of receiving waters 
are maintained. The SCDM states that the “treatment requirement is to treat at least 91% of the post-
development runoff flows as predicted by WWHM12 or another approved continuous runoff model.” Per 
Figure 1.2 ‘Minimum Requirements for Redevelopment Projects,’ Runoff Treatment shall apply to new 
hard surface.  In addition, because the project results in 5,000 square feet or more of new plus replaced 
hard surface AND the value of the proposed improvements exceed 50% of the assessed value of the 
existing site improvements, Runoff Treatment shall also apply to replaced hard surface. The total new 
and replaced PGIS is 2.9 AC (1.2 AC new and 1.7 AC replaced). 

Per the process described in Volume I, Section 4.2 of the SCDM, and detailed in Section 4.5 of this 
report, basic water quality treatment was determined to be applicable to the site. A combined water 
quality/detention wetvault was selected due to site layout limitations, and the surface grades in 
relationship to potential gravity-flow discharge points. A stormwater pump station is necessary upstream 
of the wetvault to minimize the depth of the wetvault excavation, and to allow the outlet of the wetvault to 
gravity drain to the natural drainage outfall. The wetvault will provide basic treatment for the 2.9 AC of 
new and replaced PGIS. Section 4.6.1 of this report describes the wetvault analysis and design. 

4.4.7 Minimum Requirement #7: Flow Control 

According to Volume I, Section 2.5.6 of the SCDM, flow control is required for sites that have 
impervious surfaces of 10,000 square feet or more or if  three-quarters of an acre or more of native 
vegetation is converted to lawn or landscape and surface water is discharged from the site into a 
conveyance system or receiving waters; or a combination of hard surfaces and converted pervious 
surfaces cause a 0.1 cfs or greater increase in the 100-year flow frequency from a threshold discharge area 
as estimated using WWHM12 or other model approved by the DOE and Snohomish County, and one-
hour time steps (or a 0.15 cfs increase or greater using 15-minute time steps). The 0.10 cfs (one-hour time 
steps) or 0.15 cfs (15-minute time steps) increase should be a comparison of the post-project runoff to the 
existing condition runoff.   

Flow control is required for the site per the thresholds described above because the site has more than 
10,000 SF and there is an increase of 0.10 cfs (one-hour time step) for the developed condition compared 
to the pre-developed condition. 
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As described in Section 4.1, flow control/detention would be required for the 4.5 AC of area disturbed as 
part of this project; both the new and replaced impervious surfaces and the converted pervious surfaces. 
In general, flow control, or detention storage is required to protect downstream receiving waters from 
erosion caused by development. Flow control would be provided by the combined water quality/detention 
wetvault selected for Minimum Requirement #7. Section 4.6.1 of this report, below, describes the 
wetvault analysis and design. 

4.4.8 Minimum Requirement #8: Wetlands Protection 

There are no categorized wetlands downstream of the site. The downstream condition will be protected 
during construction using temporary and permanent BMPs on the project site.  Significant changes to the 
downstream flow patterns or discharges are not expected.  

4.4.9 Minimum Requirement #9: Operation and Maintenance 

Scheduled maintenance of the wetvault, pump station, oil/water separator, and collection and conveyance 
systems are described in Section 7.0 in accordance with the guidelines provided in the SCDM.  

4.5 TREATMENT SELECTION  

4.5.1 Treatment Selection 

Volume I, Chapter 4 of the SCDM was consulted in the selection of the stormwater treatment facility.  
This section outlines a six-step process to identify the treatment facility needed for the site. Each step and 
the conclusions made during the selection process are identified below. 

Step 5a: Determine the receiving waters and pollutants of concern based on offsite analysis 

Runoff from the project site would discharge into Alpha Pond, the natural receiving waters. 
Stormwater is discharged from the Alpha Pond into a 36-inch diameter culvert conveying water 
under the northeast end of Paine Field, where it discharges to a roadside ditch on the south side of 
SR 526. Flow from the ditch enters a short drain system that conveys flow under SR 526 and then 
discharges to Japanese Gulch (HNTB, 2005). Stormwater from the Japanese Gulch is discharged 
into Puget Sound. Relevant pages regarding downstream analysis from the HNTB, 2005 and 
Javiation, 2016 reports are provided in Appendix B. 

The offsite analysis found no pollutants of concern in the receiving waters. The receiving water is 
not reported under Section 305(b), 304(1)(1)(A)(I), 304(1)(1)(A)(II), 304(1)(1)(B)(1), or 
Washington State’s Non-point Source Assessment required by Section 319(a) of the Clean Water 
Act. Water quality management plans and/or local ordinances or regulations have not been 
established that specify requirements for the receiving waters for this project. 

Step 5b: Determine whether an oil control facility is required. 

Oil control facilities are required for projects that have “high-use sites.” High-use sites are those 
that typically generate high concentrations of oil due to high traffic turnover or the frequent 
transfer of oil. High-use sites include:  
 

 An area of a commercial or industrial site subject to an expected average daily traffic 
(ADT) count equal to or greater than 100 vehicles per 1,000 square feet of gross building 
area. Note: Snohomish County will consider fueling stations, with or without small 
convenience stores, to be a high-use site unless the applicant demonstrates, to the 
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County’s satisfaction and through the stormwater site planning process, that the ADT 
threshold will not be met.  

 An area of a commercial or industrial site subject to petroleum storage and transfer in 
excess of 1,500 gallons per year, not including routinely delivered heating oil.  

 An area of a commercial or industrial site subject to parking, storage or maintenance of 
25 or more vehicles that are over 10 tons gross weight (trucks, buses, trains, heavy 
equipment, etc.).  
 

The majority of the site will be used for terminal parking, and does not receive a significant 
enough number of ADT to require an oil control facility.  The airside portion of the site, 2.35 AC, 
is subject to aircraft refueling, and as such, will require an oil control facility for that portion of 
the site. AECOM fueling experts provided an analysis that determined the most significant fuel 
spill would be 5,000 gallons from a ruptured tank on a 10,000 gallon refueller truck. See 
Appendix D – Refueller Spill Analysis. A coalescing plate (CP)-type oil/water separator was 
selected. Isolation gate valves will be installed upstream and downstream of the oil/water 
separator. 

Step 5c: Determine whether infiltration for pollutant removal is practicable. 

Based on the geotechnical data available, the site soils are expected to have infiltration rates that 
are not suitable for infiltration. Therefore, infiltration is not practicable for the site.  

Step 5d: Determine whether phosphorus control is required. 

Phosphorous treatment is not required for the site because per the SCDM, control of phosphorus 
is only required prior to surface discharge to wetlands categorized as Category I or Category II by 
the Washington State Wetland Rating System of Western Washington. There are no categorized 
wetlands downstream of the site. 

Step 5e: Determine if enhanced treatment is required. 

 The site does not discharge to fresh waters designated for aquatic life or that have existing aquatic 
life use, to conveyance systems tributary to such waters, or to stormwater infiltration systems that 
are within ¼ mile of such waters. Therefore, enhanced treatment is not required for the site.  

Step 5f: Select a Basic Treatment Facility. 

 According to the SCDM, basic treatment applies to this project. The basic treatment menu of the 
SCDM offers several water quality treatment options, including, but not limited to infiltration 
with appropriate treatment, sand filter, biofiltration swale, filter strip, basic wetpond, wetvault, 
stormwater treatment wetland, combined detention and wetpool facilities, bioretention and DOE-
approved technology for basic treatment with a General Use Level Designation (GULD) or 
equivalent designation.  

A combined detention and wetpool facility (wetvault) was determined to be the most practical 
treatment option for this site due to the limited footprint available and the site grading in 
relationship to potential gravity-flow discharge points. 
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4.6 FACILITY DESIGN 

Required detention and basic water quality treatment for the site runoff will be provided in a combined 
water quality/detention wetvault. A stormwater pump station is necessary upstream of the wetvault to 
minimize the depth of the wetvault excavation, and to allow the outlet of the wetvault to gravity drain to 
the natural drainage outfall. An oil/water separator is required for the portion of the site where aircraft 
fueling will occur. Site stormwater will be collected and conveyed through a series of trench drains, Type 
1 and Type 2 catchbasins, and stormwater piping. Each element of the permanent stormwater control plan 
is described in detail below. See also Sheet C6.0, Drainage Plan. 

4.6.1 Wetvault 

As described in Section 4.2, surface water from approximately 8.43 AC of the PGIS of the site will be 
collected and conveyed in a series of catchbasins and storm drain lines towards the wetvault. The 
wetvault provides required water quality treatment for the 2.9 AC of new and replaced PGIS, and 
detention for the 4.5 AC of disturbed area.   

Hydrology for the pre-developed and mitigated flows were modeled using WWHM12 and are provided in 
Table 4-7. 

Table 4-7:  Wetvault – Onsite Hydrologic Summary 

Return Period Pre-Developed Peak Flow (cfs) Mitigated Peak Flow (cfs) 

2-year 0.05 0.04 
5-year 0.08 0.05 

10-year 0.10 0.05 
25-year 0.12 0.06 
50-year 0.14 0.06 
100-year 0.15 0.06 

 

Per the WWHM12 model, the required detention volume was estimated to be 91,040 CF (2.09 Ac-Ft). An 
on-line water quality BMP would require a 15-minute facility target flow rate of 0.2 cfs and a water 
quality (WQ) volume of 10,460 (0.24 Ac-Ft). Minimum volume required for the combined 
detention/water quality vault (wetvault) is 101,500 CF (2.33 Ac-Ft). 

The design of the wetvault follows Volume III, Chapter 3 of the SCDM. The proposed vault is 129 feet 
wide, 132 feet long and 7.8 feet deep. In order to utilize precast concrete lid materials, the detention vault 
internal cross-sectional area will be 32.25 feet wide by 7.8 feet deep. Four units will be placed in rows of 
132 feet long, with a total footprint of 129 feet wide (not including wall thickness). Flow will be routed 
through the vault in a sinuous pattern. Within the vault, a baffle wall will separate two planned cells.  

A stormwater pump station is required upstream of the wetvault, due to site surface elevations and 
discharge invert elevations. The pump station will allow the wetvault outlet to gravity drain to the natural 
outfall. The wetvault is notably raised approximately 3 feet above surrounding grade. The wetvault cast-
in-place sidewalls will provide vertical retaining walls; guardrails as required by the building code will be 
installed above the retaining wall, and parking will be provided atop the elevated wetvault lid. 

The required dimensions of the wetvault are presented in Table 4-8. Detailed design and dimensions of 
the wetvault are shown on Sheet C6.7. Complete vault sizing calculations are included in Appendix A. 
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Table 4-8:  Wetvault Dimensions 

Required Detention Volume  2.09 Ac-Ft or 91,040 cubic feet 

Required WQ Volume 0.24 Ac-Ft or 10,460 cubic feet 

Total Required Volume 2.33 Ac-Ft or 101,500 cubic feet 

Detention Storage Depth 5.6 feet 

WQ Storage Depth 0.7 feet 

Sediment Storage  1 feet 

Additional Depth for Conveyance and Freeboard 0.5 feet 

Total Wetvault Depth 7.8 feet 

Wetvault Cell Width 32.25 feet 

Number of Cells 2 

Cell 1 Length 150 feet 

Cell 2 Length 378 feet 

Total Wetvault Length (sinuous) 528 feet 

Wetvault Footprint (Width) 129 feet 

Wetvault Footprint (Length) 132 feet 

Outfall Riser Diameter 18 inches 

Orifices Size  All orifices: 1 inch diameter 
 

4.6.2 Oil/Water Separator 

The OWS is sized to meet the oil control requirements for the airside portion of the site, 2.35 AC, which 
is subject to aircraft refueling. AECOM fueling experts provided an analysis that determined the most 
significant fuel spill would be 5,000 gallons from a ruptured tank on a 10,000 gallon refueler truck. This 
analysis is included in Appendix D. A coalescing plate (CP)-type oil/water separator was selected. 
Isolation gate valves will be installed upstream and downstream of the oil/water separator.  

Design values for the OWS are provided in Table 4-9. Detailed design and dimensions of the OWS are 
shown on Sheet C6.10. Complete OWS sizing calculations are included in Appendix A. 

Table 4-9:  Oil/Water Separator Design 

Bottom Width 13 feet 
Length 20 feet wide at 1% slope 
Depth 7 feet 

Freeboard Height 1 feet 

4.6.3 Pump Station 

A stormwater pump station is required upstream of the wetvault, due to site surface elevations and 
discharge invert elevations. A large wetwell with two large propeller pump and two small submersible 
pumps provide capacity for the range of runoff flows from 2-year, 24-hour to 100-year, 24-hour 
recurrence interval storms. One propeller pump and two submersible pumps will operate during normal 
conditions. The remaining propeller pump will serve as standby units for emergency scenarios. 
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Operations of the pump will include high and low level floats, with an ultrasonic transmitter for 
operations between the high and low levels. Detailed design and dimensions of the pump station are 
shown on Sheet C6.11. Complete pump station sizing calculations are included in Appendix A. The 
selected pump data are included in Appendix E 

4.6.4 Conveyance System 

The storm drainage network is shown on Sheet C6.0. As required by the SCDM, the 25-year, 24-hour 
design storm was used to size conveyance pipes. Conveyance sizing calculations are provided in 
Appendix A. The maximum 100-year, 24-hour design flow rate for the 8.43 AC developed site is 19.1 
cfs.   

Trench drains and standard Type 1 and Type 2 catchbasins, along with 12-, 15-, and 18-inch diameter 
polyvinyl chloride (PVC) storm drainage pipes will be used to collect and convey surface water to and 
from the OWS, pump station and wetvault. Drainage pipe will be installed using a minimum cover of 30 
inches. In general, conveyance follows the gentle site slopes from east to west. Notably, the parking area 
atop the elevated wetvault lid slopes from west to east. 

An outlet structure with a single orifice at the bottom, three orifices on the side, and an open riser at the 
top will control the flow leaving the wetvault. The orifices and overflow weir were designed to release 
both low and high flows. The permanent water quality design flow rate of 0.2 cfs will exit the wetvault 
through the orifice, while larger storms will exit through both the orifices and overflow weir. The outlet 
was designed to accommodate the 100-year, 24-hour storm flow rate of 19.1 cfs. Support calculations are 
provided in Appendix A. 
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5.0  OTHER PERMITS 

Permits required with this project will be the following standard permits associated with construction of 
new buildings, grading, and drainage review: 

 Electrical permit from Washington State Labor and Industries; 

 Lighting Agreement from Snohomish County PUD; 

 Building Permits from Snohomish County; and  

 Right-of-Way Use Permit from Snohomish County. 
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6.0  SPECIAL REPORTS AND STUDIES 

The following special reports are relevant to this project: 

 HNTB Corporation, Technical Memorandum 2 – Full Drainage Report, June 10, 2005. 

 Javiation Engineering & Planning, Drainage Report, Hot Spots 1 & 2 Remediation Revised, Paine 
Field/Snohomish County Airport, January 29, 2016. 

 AECOM, SEPA Environmental Checklist, Paine Field Propeller Air Commercial Terminal 
Project, prepared for Propeller Airports Paine Field LLC, April 2016. 

 AECOM, Report of Geotechnical Consultation, Paine Field Passenger Terminal, Snohomish 
County Airport, prepared for Propeller Airports Paine Field LLC, May 2016. 
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7.0  MAINTENANCE PLAN AND SCHEDULE 

Proper inspection and maintenance of the wetvault and stormwater management system will extend its 
life and reduce the amount of sediment accumulated over time within the conveyance system both 
upstream and downstream. This in turn will reduce the frequency of maintenance required for the 
conveyance system and increase its life. The operation and maintenance plan for the wetvault is listed as 
follows: 

 Accumulated sediment and stagnant conditions may cause noxious gases to form and accumulate 
in the wetvault. Wetvault maintenance procedures must meet Occupational Safety and Health 
Administration (OSHA) confined space entry requirements, which include clearly marking 
entrances to confined spaces. This may be accomplished by hanging a removable sign in the 
access riser, just under the access lid. 

 Facilities should be inspected annually and after major storms. The maintenance standards 
presented in Appendix C (referenced from SCDM Volume V) are measures for determining if 
maintenance actions are required as identified through the annual inspection. The inspection and 
maintenance schedule may require adjustment based upon observations made during inspection. 

 Sediment should be removed when the 1-foot sediment zone is full plus 6 inches. The 1-foot 
sediment zone for this facility is measured 9 inches above the inside bottom of the outer walls. 
Sediments should be tested for toxicants in compliance with current disposal requirements. 
Sediments must be disposed in accordance with current local health department requirements and 
the Minimum Functional Standards for Solid Waste Handling.  Additional information is 
included in Volume IV, Appendix IV-G of the SCDMWW. 

 Standing water removed during the maintenance operation must be properly disposed of. The 
preferred disposal option is to discharge to a sanitary sewer at an approved location.  Other 
disposal options include discharge back into the wetpool facility or the storm sewer system, if 
certain conditions are met. These conditions are included in Volume IV, Appendix IV-G of the 
SCDMWW. 
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                        WWHM2012  
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name: Propeller_det-091616  
Site Name:   
Site Address:   
City     :   
Report Date: 9/16/2016  
Gage     : Everett  
Data Start : 1948/10/01  
Data End : 2009/09/30  
Precip Scale: 0.80  
Version  : 2014/05/12   
___________________________________________________________________ 
 
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year  
___________________________________________________________________ 
 
High Flow Threshold for POC 1: 50 year  
___________________________________________________________________ 
 
PREDEVELOPED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    
 C, Forest, Flat              4.5  
  
Pervious Total                4.5  
 
Impervious Land Use         Acres   
  
Impervious Total              0  
 
Basin Total                   4.5  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
MITIGATED LAND USE   
 
Name   : Basin  1  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           Acres    



 C, Lawn, Flat                .6  
  
Pervious Total                0.6  
 
Impervious Land Use         Acres   
 PARKING FLAT                 3.9  
  
Impervious Total              3.9  
 
Basin Total                   4.5  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
Vault  1              Vault  1                
___________________________________________________________________ 
 
 
Name   : Vault  1  
Width :       113.841612531272 ft.  
Length :      113.841612531272 ft.  
Depth:          8 ft.  
Discharge Structure   
Riser Height: 7 ft.  
Riser Diameter: 18 in.  
Notch Type: Rectangular  
Notch Width: 0.010 ft.  
Notch Height: 1.245 ft.  
Orifice 1 Diameter: 1 in.  Elevation: 0 ft.  
 
Element Flows To:      
Outlet 1              Outlet 2           
  
___________________________________________________________________ 
 
 
  
             Vault Hydraulic Table  
 Stage(ft)  Area(ac)  Volume(ac-ft) Discharge(cfs) Infilt(cfs)    
0.0000      0.297      0.000      0.000      0.000  
0.0889      0.297      0.026      0.007      0.000  
0.1778      0.297      0.052      0.011      0.000  
0.2667      0.297      0.079      0.013      0.000  
0.3556      0.297      0.105      0.015      0.000  
0.4444      0.297      0.132      0.017      0.000  
0.5333      0.297      0.158      0.019      0.000  
0.6222      0.297      0.185      0.020      0.000  
0.7111      0.297      0.211      0.022      0.000  
0.8000      0.297      0.238      0.023      0.000  
0.8889      0.297      0.264      0.024      0.000  
0.9778      0.297      0.290      0.026      0.000  
1.0667      0.297      0.317      0.027      0.000  
1.1556      0.297      0.343      0.028      0.000  
1.2444      0.297      0.370      0.029      0.000  
1.3333      0.297      0.396      0.030      0.000  



1.4222      0.297      0.423      0.031      0.000  
1.5111      0.297      0.449      0.032      0.000  
1.6000      0.297      0.476      0.033      0.000  
1.6889      0.297      0.502      0.034      0.000  
1.7778      0.297      0.528      0.035      0.000  
1.8667      0.297      0.555      0.035      0.000  
1.9556      0.297      0.581      0.036      0.000  
2.0444      0.297      0.608      0.037      0.000  
2.1333      0.297      0.634      0.038      0.000  
2.2222      0.297      0.661      0.039      0.000  
2.3111      0.297      0.687      0.039      0.000  
2.4000      0.297      0.714      0.040      0.000  
2.4889      0.297      0.740      0.041      0.000  
2.5778      0.297      0.766      0.042      0.000  
2.6667      0.297      0.793      0.042      0.000  
2.7556      0.297      0.819      0.043      0.000  
2.8444      0.297      0.846      0.044      0.000  
2.9333      0.297      0.872      0.045      0.000  
3.0222      0.297      0.899      0.045      0.000  
3.1111      0.297      0.925      0.046      0.000  
3.2000      0.297      0.952      0.047      0.000  
3.2889      0.297      0.978      0.047      0.000  
3.3778      0.297      1.005      0.048      0.000  
3.4667      0.297      1.031      0.048      0.000  
3.5556      0.297      1.057      0.049      0.000  
3.6444      0.297      1.084      0.050      0.000  
3.7333      0.297      1.110      0.050      0.000  
3.8222      0.297      1.137      0.051      0.000  
3.9111      0.297      1.163      0.051      0.000  
4.0000      0.297      1.190      0.052      0.000  
4.0889      0.297      1.216      0.053      0.000  
4.1778      0.297      1.243      0.053      0.000  
4.2667      0.297      1.269      0.054      0.000  
4.3556      0.297      1.295      0.054      0.000  
4.4444      0.297      1.322      0.055      0.000  
4.5333      0.297      1.348      0.055      0.000  
4.6222      0.297      1.375      0.056      0.000  
4.7111      0.297      1.401      0.057      0.000  
4.8000      0.297      1.428      0.057      0.000  
4.8889      0.297      1.454      0.058      0.000  
4.9778      0.297      1.481      0.058      0.000  
5.0667      0.297      1.507      0.059      0.000  
5.1556      0.297      1.533      0.059      0.000  
5.2444      0.297      1.560      0.060      0.000  
5.3333      0.297      1.586      0.060      0.000  
5.4222      0.297      1.613      0.061      0.000  
5.5111      0.297      1.639      0.061      0.000  
5.6000      0.297      1.666      0.062      0.000  
5.6889      0.297      1.692      0.062      0.000  
5.7778      0.297      1.719      0.063      0.000  
5.8667      0.297      1.745      0.064      0.000  
5.9556      0.297      1.771      0.067      0.000  
6.0444      0.297      1.798      0.069      0.000  
6.1333      0.297      1.824      0.072      0.000  
6.2222      0.297      1.851      0.075      0.000  
6.3111      0.297      1.877      0.078      0.000  
6.4000      0.297      1.904      0.081      0.000  



6.4889      0.297      1.930      0.084      0.000  
6.5778      0.297      1.957      0.088      0.000  
6.6667      0.297      1.983      0.091      0.000  
6.7556      0.297      2.009      0.094      0.000  
6.8444      0.297      2.036      0.099      0.000  
6.9333      0.297      2.062      0.103      0.000  
7.0222      0.297      2.089      0.155      0.000  
7.1111      0.297      2.115      0.648      0.000  
7.2000      0.297      2.142      1.414      0.000  
7.2889      0.297      2.168      2.376      0.000  
7.3778      0.297      2.195      3.500      0.000  
7.4667      0.297      2.221      4.765      0.000  
7.5556      0.297      2.247      6.158      0.000  
7.6444      0.297      2.274      7.667      0.000  
7.7333      0.297      2.300      9.284      0.000  
7.8222      0.297      2.327      11.00      0.000  
7.9111      0.297      2.353      12.81      0.000  
8.0000      0.297      2.380      14.72      0.000  
8.0889      0.297      2.406      16.71      0.000  
8.1778      0.000      0.000      18.78      0.000  
___________________________________________________________________ 
 
___________________________________________________________________ 
 
                     ANALYSIS RESULTS  
 
                Stream Protection Duration  
 
___________________________________________________________________ 
 
Predeveloped Landuse Totals for POC #1  
Total Pervious Area:4.5  
Total Impervious Area:0  
___________________________________________________________________ 
 
Mitigated Landuse Totals for POC #1  
Total Pervious Area:0.6  
Total Impervious Area:3.9  
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.054432  
5 year                  0.084482  
10 year                 0.103089  
25 year                 0.124697  
50 year                 0.139393  
100 year                0.152948  
 
Flow Frequency Return Periods for Mitigated.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.041859  
5 year                  0.04821  
10 year                 0.051905  
25 year                 0.056157  
50 year                 0.059088  
100 year                0.061854  

gina_franco
Rectangle



___________________________________________________________________ 
 
Stream Protection Duration  
Annual Peaks for Predeveloped and Mitigated.  POC #1  
Year         Predeveloped    Mitigated   
1949           0.008          0.038  
1950           0.070          0.043  
1951           0.050          0.036  
1952           0.039          0.035  
1953           0.032          0.035  
1954           0.075          0.039  
1955           0.095          0.053  
1956           0.077          0.054  
1957           0.088          0.043  
1958           0.060          0.040  
1959           0.058          0.040  
1960           0.053          0.041  
1961           0.061          0.048  
1962           0.036          0.033  
1963           0.047          0.039  
1964           0.052          0.031  
1965           0.055          0.041  
1966           0.029          0.037  
1967           0.079          0.039  
1968           0.077          0.042  
1969           0.040          0.039  
1970           0.043          0.039  
1971           0.065          0.053  
1972           0.060          0.038  
1973           0.033          0.045  
1974           0.053          0.044  
1975           0.046          0.034  
1976           0.044          0.041  
1977           0.020          0.036  
1978           0.041          0.035  
1979           0.069          0.035  
1980           0.047          0.036  
1981           0.041          0.033  
1982           0.061          0.045  
1983           0.049          0.039  
1984           0.054          0.053  
1985           0.080          0.050  
1986           0.206          0.054  
1987           0.070          0.053  
1988           0.047          0.046  
1989           0.034          0.035  
1990           0.059          0.044  
1991           0.063          0.044  
1992           0.046          0.043  
1993           0.030          0.031  
1994           0.020          0.045  
1995           0.056          0.047  
1996           0.120          0.045  
1997           0.228          0.067  
1998           0.032          0.038  
1999           0.059          0.044  
2000           0.033          0.048  



2001           0.007          0.026  
2002           0.055          0.049  
2003           0.035          0.041  
2004           0.053          0.046  
2005           0.044          0.041  
2006           0.126          0.050  
2007           0.084          0.049  
2008           0.123          0.055  
2009           0.047          0.044  
___________________________________________________________________ 
 
Stream Protection Duration  
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1  
Rank     Predeveloped        Mitigated   
1         0.2281              0.0669  
2         0.2059              0.0547  
3         0.1260              0.0544  
4         0.1231              0.0537  
5         0.1197              0.0531  
6         0.0947              0.0528  
7         0.0878              0.0527  
8         0.0842              0.0526  
9         0.0796              0.0501  
10        0.0785              0.0500  
11        0.0768              0.0487  
12        0.0766              0.0486  
13        0.0747              0.0482  
14        0.0703              0.0477  
15        0.0698              0.0466  
16        0.0692              0.0465  
17        0.0647              0.0463  
18        0.0631              0.0452  
19        0.0612              0.0451  
20        0.0605              0.0448  
21        0.0602              0.0446  
22        0.0601              0.0443  
23        0.0587              0.0442  
24        0.0587              0.0441  
25        0.0581              0.0439  
26        0.0563              0.0438  
27        0.0554              0.0433  
28        0.0552              0.0429  
29        0.0540              0.0428  
30        0.0531              0.0422  
31        0.0530              0.0415  
32        0.0529              0.0414  
33        0.0523              0.0412  
34        0.0498              0.0408  
35        0.0487              0.0407  
36        0.0473              0.0401  
37        0.0470              0.0399  
38        0.0467              0.0394  
39        0.0467              0.0394  
40        0.0464              0.0392  
41        0.0458              0.0392  
42        0.0445              0.0389  
43        0.0440              0.0389  



44        0.0429              0.0382  
45        0.0414              0.0382  
46        0.0406              0.0378  
47        0.0403              0.0371  
48        0.0386              0.0362  
49        0.0360              0.0362  
50        0.0353              0.0356  
51        0.0335              0.0352  
52        0.0329              0.0351  
53        0.0328              0.0349  
54        0.0318              0.0348  
55        0.0316              0.0348  
56        0.0299              0.0339  
57        0.0292              0.0335  
58        0.0203              0.0332  
59        0.0199              0.0315  
60        0.0080              0.0313  
61        0.0071              0.0261  
___________________________________________________________________ 
 
Stream Protection Duration  
POC #1  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(cfs) Predev  Mit Percentage Pass/Fail  
0.0272    21902   21361  97     Pass  
0.0283    20052   16596  82     Pass  
0.0295    18307   14594  79     Pass  
0.0306    16760   13045  77     Pass  
0.0317    15295   11954  78     Pass  
0.0329    13986   10806  77     Pass  
0.0340    12831   9702   75     Pass  
0.0351    11819   8789   74     Pass  
0.0363    10831   7925   73     Pass  
0.0374    9952    7247   72     Pass  
0.0385    9169    6603   72     Pass  
0.0397    8481    6070   71     Pass  
0.0408    7835    5659   72     Pass  
0.0419    7249    5208   71     Pass  
0.0431    6699    4729   70     Pass  
0.0442    6186    4380   70     Pass  
0.0453    5713    4032   70     Pass  
0.0465    5247    3734   71     Pass  
0.0476    4827    3474   71     Pass  
0.0487    4447    3223   72     Pass  
0.0499    4113    2973   72     Pass  
0.0510    3799    2789   73     Pass  
0.0521    3540    2556   72     Pass  
0.0533    3275    2376   72     Pass  
0.0544    3018    2175   72     Pass  
0.0555    2796    1981   70     Pass  
0.0567    2609    1822   69     Pass  
0.0578    2443    1689   69     Pass  
0.0589    2301    1570   68     Pass  
0.0601    2180    1421   65     Pass  



0.0612    2053    1285   62     Pass  
0.0623    1945    1123   57     Pass  
0.0635    1857    955    51     Pass  
0.0646    1743    861    49     Pass  
0.0657    1655    836    50     Pass  
0.0669    1558    812    52     Pass  
0.0680    1456    791    54     Pass  
0.0691    1371    770    56     Pass  
0.0703    1307    751    57     Pass  
0.0714    1241    739    59     Pass  
0.0725    1195    725    60     Pass  
0.0737    1155    706    61     Pass  
0.0748    1117    696    62     Pass  
0.0759    1074    682    63     Pass  
0.0771    1032    670    64     Pass  
0.0782    997     656    65     Pass  
0.0793    965     640    66     Pass  
0.0805    936     625    66     Pass  
0.0816    903     617    68     Pass  
0.0827    868     605    69     Pass  
0.0839    834     600    71     Pass  
0.0850    794     587    73     Pass  
0.0861    768     583    75     Pass  
0.0873    737     574    77     Pass  
0.0884    720     566    78     Pass  
0.0895    690     558    80     Pass  
0.0907    669     549    82     Pass  
0.0918    649     537    82     Pass  
0.0929    637     517    81     Pass  
0.0941    615     509    82     Pass  
0.0952    592     501    84     Pass  
0.0963    577     492    85     Pass  
0.0975    565     479    84     Pass  
0.0986    549     467    85     Pass  
0.0997    538     456    84     Pass  
0.1009    524     443    84     Pass  
0.1020    513     432    84     Pass  
0.1031    504     421    83     Pass  
0.1043    495     411    83     Pass  
0.1054    482     396    82     Pass  
0.1065    471     383    81     Pass  
0.1077    457     373    81     Pass  
0.1088    442     359    81     Pass  
0.1099    427     343    80     Pass  
0.1111    417     332    79     Pass  
0.1122    407     322    79     Pass  
0.1133    391     308    78     Pass  
0.1145    377     292    77     Pass  
0.1156    361     285    78     Pass  
0.1167    346     283    81     Pass  
0.1179    328     280    85     Pass  
0.1190    320     277    86     Pass  
0.1201    312     273    87     Pass  
0.1213    303     270    89     Pass  
0.1224    296     269    90     Pass  
0.1235    289     269    93     Pass  
0.1247    283     268    94     Pass  



0.1258    277     266    96     Pass  
0.1269    272     264    97     Pass  
0.1281    268     262    97     Pass  
0.1292    265     260    98     Pass  
0.1303    261     259    99     Pass  
0.1315    257     258    100    Pass  
0.1326    251     255    101    Pass  
0.1337    245     253    103    Pass  
0.1349    241     251    104    Pass  
0.1360    237     250    105    Pass  
0.1371    232     249    107    Pass  
0.1383    227     248    109    Pass  
0.1394    224     246    109    Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Water Quality BMP Flow and Volume for POC #1   
On-line facility volume: 0.0284 acre-feet  
On-line facility target flow: 0.0143 cfs.   
Adjusted for 15 min: 0.0143 cfs.   
Off-line facility target flow: 0.0101 cfs.   
Adjusted for 15 min: 0.0101 cfs.   
___________________________________________________________________ 
 
 
 LID Report   
 
LID Technique                 Used for    Total Volumn   Volumn    Infiltration  Cumulative   
Percent     Water Quality  Percent       Comment     
                              Treatment?  Needs          Through   Volumn        Volumn       
Volumn                     Water Quality             
                                          Treatment      Facility  (ac-ft)       Infiltration 
Infiltrated                Treated                   
                                          (ac-ft)        (ac-ft)                 Credit                          
Vault  1 POC                       N      444.04                                       N      
0.00                                                                               
Total Volume Infiltrated                  444.04         0.00      0.00                       0.00        
0.00           0%            No Treat. Credit                          
Compliance with LID Standard 8                                                                                   
Duration Analysis Result = Passed         
 
___________________________________________________________________ 
 
Perlnd and Implnd Changes   
 No changes have been made.  
___________________________________________________________________ 
 
 
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear Creek 
Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either expressed 
or implied, including but not limited to implied warranties of program and accompanying documentation.  
In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever (including without 
limitation to damages for loss of business profits, loss of business information, business 
interruption, and the like) arising out of the use of, or inability to use this program even if Clear 
Creek Solutions Inc. or their authorized representatives have been advised of the possibility of such 
damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2013; All Rights Reserved. 



Paine Field Passenger Terminal – Stormwater Calculations 

 

6.0 OWS SIZING CALCULATIONS 

 See Table 2-3 in Section 2.2.3 for the OWS vault Sizing Summary. 
 SBUH output, attached. 
 Sizing calculations attached. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SANTA BARBARA URBAN HYDROGRAPH (SBUH) METHOD
 RUNOFF VOLUME CALCULATION

Project:
Basin:
Storm Event:
Given:

Area    = 2.35 acres
Pt      = 1.48 inches
dt      = 10 min.
Tc      = 6 min.
PERVIOUS AREA IMPERVIOUS AREA

Area    = 0.00 acres Area    = 2.35 acres
CN      = 86 CN      = 98       SUMMARY
S       = 1.63 S       = 0.20 Tpk(hrs)= 7.83

0.2S    = 0.33 0.2S    = 0.04 Tc (min)= 6
Qpk(cfs)= 0.82

Compute: Runoff Hydrograph Vol(cf)= 10,722

Column (3) = SCS Type IA Rainfall Distribution
Column (4) = Col. (3) x Pt
Column (5) = Accumulated Sum of Col. (4)
Column (6) = [If P <= 0.2S] = 0; Note, use PERVIOUS Area "S" value.
             [If P > 0.2S] = (Col.(5) - 0.2S)^2/(Col.(5) + 0.8S); Using the PERVIOUS Area "S" value.
Column (7) = Col.(6) of Present Time Step - Col.(6) of Previous Time Step
Column (8) = Same method as for Col.(6), except use the IMPERVIOUS Area "S" value.
Column (9) = Col.(8) of the present time step - Col.(8) of the previous time step.
Column (10) = ((PERVIOUS area / Total area) x Col.(7)) + ((IMPERVIOUS area / Total area) x Col.(9))
Column (11) = (60.5 x Col.(10) x Total Area) / 10 (dt = 10 minutes)
   Routing Constant, w = dt / (2Tc + dt)    = 0.4545
Column (12) = Col.(12) of Previous Time Step + (w x [Col.(11) of Previous Time Step
              + Col.(11) of Present Time Step - (2 x Col.(12) of Previous Time Step)])

  Pervious Area  Impervious Area
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Time Time Rainfall Incre- Accumu- Accumu- Incre- Accumu- Incre- Total Instant design
Increment distri- mental lated lated mental lated mental Runoff hydro- hydro-

bution Rainfall Rainfall Runoff Runoff Runoff Runoff graph graph
min. % of Pt in. in. in. in. in. in. in. cfs cfs

--------- ------------ --------- --------- ---------- --------- --------- --------- ---------- --------- --------- ---------
1 10 0.0040 0.0059 0.0059 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 0.00
2 20 0.0040 0.0059 0.0118 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 0.00
3 30 0.0040 0.0059 0.0178 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 0.00
4 40 0.0040 0.0059 0.0237 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 0.00
5 50 0.0040 0.0059 0.0296 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 0.00
6 60 0.0040 0.0059 0.0355 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 0.00
7 70 0.0040 0.0059 0.0414 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 0.00
8 80 0.0040 0.0059 0.0474 0.0000 0.0000 0.0002 0.0002 0.0002 0.0 0.00
9 90 0.0040 0.0059 0.0533 0.0000 0.0000 0.0007 0.0005 0.0005 0.0 0.00

10 100 0.0040 0.0059 0.0592 0.0000 0.0000 0.0015 0.0008 0.0008 0.0 0.01
11 110 0.0050 0.0074 0.0666 0.0000 0.0000 0.0029 0.0014 0.0014 0.0 0.01
12 120 0.0050 0.0074 0.0740 0.0000 0.0000 0.0046 0.0017 0.0017 0.0 0.02
13 130 0.0050 0.0074 0.0814 0.0000 0.0000 0.0067 0.0021 0.0021 0.0 0.03
14 140 0.0050 0.0074 0.0888 0.0000 0.0000 0.0091 0.0024 0.0024 0.0 0.03
15 150 0.0050 0.0074 0.0962 0.0000 0.0000 0.0118 0.0027 0.0027 0.0 0.04
16 160 0.0050 0.0074 0.1036 0.0000 0.0000 0.0148 0.0029 0.0029 0.0 0.04
17 170 0.0060 0.0089 0.1125 0.0000 0.0000 0.0186 0.0039 0.0039 0.1 0.05
18 180 0.0060 0.0089 0.1214 0.0000 0.0000 0.0228 0.0042 0.0042 0.1 0.06
19 190 0.0060 0.0089 0.1302 0.0000 0.0000 0.0272 0.0045 0.0045 0.1 0.06
20 200 0.0060 0.0089 0.1391 0.0000 0.0000 0.0320 0.0047 0.0047 0.1 0.06
21 210 0.0060 0.0089 0.1480 0.0000 0.0000 0.0369 0.0050 0.0050 0.1 0.07
22 220 0.0060 0.0089 0.1569 0.0000 0.0000 0.0421 0.0052 0.0052 0.1 0.07
23 230 0.0070 0.0104 0.1672 0.0000 0.0000 0.0484 0.0063 0.0063 0.1 0.08
24 240 0.0070 0.0104 0.1776 0.0000 0.0000 0.0549 0.0065 0.0065 0.1 0.09
25 250 0.0070 0.0104 0.1880 0.0000 0.0000 0.0616 0.0068 0.0068 0.1 0.09
26 260 0.0070 0.0104 0.1983 0.0000 0.0000 0.0686 0.0070 0.0070 0.1 0.10
27 270 0.0070 0.0104 0.2087 0.0000 0.0000 0.0758 0.0072 0.0072 0.1 0.10
28 280 0.0070 0.0104 0.2190 0.0000 0.0000 0.0831 0.0073 0.0073 0.1 0.10
29 290 0.0082 0.0121 0.2312 0.0000 0.0000 0.0919 0.0088 0.0088 0.1 0.11
30 300 0.0082 0.0121 0.2433 0.0000 0.0000 0.1009 0.0090 0.0090 0.1 0.13
31 310 0.0082 0.0121 0.2554 0.0000 0.0000 0.1100 0.0092 0.0092 0.1 0.13
32 320 0.0082 0.0121 0.2676 0.0000 0.0000 0.1194 0.0093 0.0093 0.1 0.13
33 330 0.0082 0.0121 0.2797 0.0000 0.0000 0.1288 0.0095 0.0095 0.1 0.13
34 340 0.0082 0.0121 0.2919 0.0000 0.0000 0.1385 0.0096 0.0096 0.1 0.14
35 350 0.0095 0.0141 0.3059 0.0000 0.0000 0.1498 0.0113 0.0113 0.2 0.15
36 360 0.0095 0.0141 0.3200 0.0000 0.0000 0.1613 0.0115 0.0115 0.2 0.16
37 370 0.0095 0.0141 0.3340 0.0000 0.0000 0.1729 0.0116 0.0116 0.2 0.16
38 380 0.0095 0.0141 0.3481 0.0003 0.0003 0.1846 0.0118 0.0118 0.2 0.17
39 390 0.0095 0.0141 0.3622 0.0008 0.0005 0.1965 0.0119 0.0119 0.2 0.17
40 400 0.0095 0.0141 0.3762 0.0015 0.0007 0.2085 0.0120 0.0120 0.2 0.17
41 410 0.0134 0.0198 0.3960 0.0029 0.0014 0.2256 0.0171 0.0171 0.2 0.20
42 420 0.0134 0.0198 0.4159 0.0047 0.0018 0.2429 0.0173 0.0173 0.2 0.24
43 430 0.0134 0.0198 0.4357 0.0070 0.0022 0.2603 0.0175 0.0175 0.2 0.25
44 440 0.0180 0.0266 0.4624 0.0106 0.0036 0.2840 0.0237 0.0237 0.3 0.29
45 450 0.0180 0.0266 0.4890 0.0149 0.0043 0.3079 0.0239 0.0239 0.3 0.33
46 460 0.0340 0.0503 0.5393 0.0248 0.0099 0.3537 0.0457 0.0457 0.7 0.48
47 470 0.0540 0.0799 0.6192 0.0449 0.0201 0.4276 0.0739 0.0739 1.1 0.82
48 480 0.0270 0.0400 0.6592 0.0567 0.0119 0.4649 0.0374 0.0374 0.5 0.79
49 490 0.0180 0.0266 0.6858 0.0653 0.0085 0.4900 0.0251 0.0251 0.4 0.48
50 500 0.0134 0.0198 0.7057 0.0719 0.0067 0.5087 0.0187 0.0187 0.3 0.33
51 510 0.0134 0.0198 0.7255 0.0789 0.0069 0.5275 0.0188 0.0188 0.3 0.27
52 520 0.0134 0.0198 0.7453 0.0860 0.0072 0.5463 0.0188 0.0188 0.3 0.27
53 530 0.0088 0.0130 0.7584 0.0909 0.0048 0.5586 0.0124 0.0124 0.2 0.23
54 540 0.0088 0.0130 0.7714 0.0958 0.0049 0.5710 0.0124 0.0124 0.2 0.18
55 550 0.0088 0.0130 0.7844 0.1009 0.0050 0.5835 0.0124 0.0124 0.2 0.18
56 560 0.0088 0.0130 0.7974 0.1060 0.0051 0.5959 0.0124 0.0124 0.2 0.18
57 570 0.0088 0.0130 0.8104 0.1113 0.0052 0.6083 0.0124 0.0124 0.2 0.18
58 580 0.0088 0.0130 0.8235 0.1166 0.0053 0.6208 0.0125 0.0125 0.2 0.18
59 590 0.0088 0.0130 0.8365 0.1220 0.0054 0.6333 0.0125 0.0125 0.2 0.18
60 600 0.0088 0.0130 0.8495 0.1276 0.0055 0.6457 0.0125 0.0125 0.2 0.18
61 610 0.0088 0.0130 0.8625 0.1332 0.0056 0.6582 0.0125 0.0125 0.2 0.18
62 620 0.0088 0.0130 0.8756 0.1389 0.0057 0.6708 0.0125 0.0125 0.2 0.18
63 630 0.0088 0.0130 0.8886 0.1447 0.0058 0.6833 0.0125 0.0125 0.2 0.18
64 640 0.0088 0.0130 0.9016 0.1506 0.0059 0.6958 0.0125 0.0125 0.2 0.18
65 650 0.0072 0.0107 0.9123 0.1554 0.0049 0.7061 0.0103 0.0103 0.1 0.16

Propeller
PGIS area
2-YEAR, 24-HOUR

J:\DCS\Projects\Legacy_URS\S\Snohomish County Airport\Passenger Terminal\20 DESIGN\10 Civil\05 Drainage\Calculations\back up calcs\SBUH for OWS



SANTA BARBARA URBAN HYDROGRAPH (SBUH) METHOD
 RUNOFF VOLUME CALCULATION

  Pervious Area  Impervious Area
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Time Time Rainfall Incre- Accumu- Accumu- Incre- Accumu- Incre- Total Instant design
Increment distri- mental lated lated mental lated mental Runoff hydro- hydro-

bution Rainfall Rainfall Runoff Runoff Runoff Runoff graph graph
min. % of Pt in. in. in. in. in. in. in. cfs cfs

--------- ------------ --------- --------- ---------- --------- --------- --------- ---------- --------- --------- ---------
66 660 0.0072 0.0107 0.9229 0.1604 0.0049 0.7164 0.0103 0.0103 0.1 0.15
67 670 0.0072 0.0107 0.9336 0.1653 0.0050 0.7267 0.0103 0.0103 0.1 0.15
68 680 0.0072 0.0107 0.9442 0.1704 0.0050 0.7369 0.0103 0.0103 0.1 0.15
69 690 0.0072 0.0107 0.9549 0.1755 0.0051 0.7472 0.0103 0.0103 0.1 0.15
70 700 0.0072 0.0107 0.9656 0.1806 0.0051 0.7576 0.0103 0.0103 0.1 0.15
71 710 0.0072 0.0107 0.9762 0.1858 0.0052 0.7679 0.0103 0.0103 0.1 0.15
72 720 0.0072 0.0107 0.9869 0.1910 0.0052 0.7782 0.0103 0.0103 0.1 0.15
73 730 0.0072 0.0107 0.9975 0.1963 0.0053 0.7885 0.0103 0.0103 0.1 0.15
74 740 0.0072 0.0107 1.0082 0.2017 0.0053 0.7988 0.0103 0.0103 0.1 0.15
75 750 0.0072 0.0107 1.0188 0.2071 0.0054 0.8092 0.0103 0.0103 0.1 0.15
76 760 0.0072 0.0107 1.0295 0.2125 0.0054 0.8195 0.0103 0.0103 0.1 0.15
77 770 0.0057 0.0084 1.0379 0.2168 0.0043 0.8277 0.0082 0.0082 0.1 0.13
78 780 0.0057 0.0084 1.0464 0.2212 0.0044 0.8359 0.0082 0.0082 0.1 0.12
79 790 0.0057 0.0084 1.0548 0.2256 0.0044 0.8441 0.0082 0.0082 0.1 0.12
80 800 0.0057 0.0084 1.0632 0.2300 0.0044 0.8523 0.0082 0.0082 0.1 0.12
81 810 0.0057 0.0084 1.0717 0.2345 0.0045 0.8605 0.0082 0.0082 0.1 0.12
82 820 0.0057 0.0084 1.0801 0.2390 0.0045 0.8687 0.0082 0.0082 0.1 0.12
83 830 0.0057 0.0084 1.0885 0.2435 0.0045 0.8769 0.0082 0.0082 0.1 0.12
84 840 0.0057 0.0084 1.0970 0.2480 0.0045 0.8851 0.0082 0.0082 0.1 0.12
85 850 0.0057 0.0084 1.1054 0.2526 0.0046 0.8933 0.0082 0.0082 0.1 0.12
86 860 0.0057 0.0084 1.1138 0.2572 0.0046 0.9016 0.0082 0.0082 0.1 0.12
87 870 0.0057 0.0084 1.1223 0.2618 0.0046 0.9098 0.0082 0.0082 0.1 0.12
88 880 0.0057 0.0084 1.1307 0.2664 0.0046 0.9180 0.0082 0.0082 0.1 0.12
89 890 0.0050 0.0074 1.1381 0.2705 0.0041 0.9252 0.0072 0.0072 0.1 0.11
90 900 0.0050 0.0074 1.1455 0.2746 0.0041 0.9324 0.0072 0.0072 0.1 0.10
91 910 0.0050 0.0074 1.1529 0.2788 0.0041 0.9397 0.0072 0.0072 0.1 0.10
92 920 0.0050 0.0074 1.1603 0.2829 0.0042 0.9469 0.0072 0.0072 0.1 0.10
93 930 0.0050 0.0074 1.1677 0.2871 0.0042 0.9541 0.0072 0.0072 0.1 0.10
94 940 0.0050 0.0074 1.1751 0.2913 0.0042 0.9613 0.0072 0.0072 0.1 0.10
95 950 0.0050 0.0074 1.1825 0.2955 0.0042 0.9686 0.0072 0.0072 0.1 0.10
96 960 0.0050 0.0074 1.1899 0.2998 0.0042 0.9758 0.0072 0.0072 0.1 0.10
97 970 0.0050 0.0074 1.1973 0.3040 0.0043 0.9830 0.0072 0.0072 0.1 0.10
98 980 0.0050 0.0074 1.2047 0.3083 0.0043 0.9903 0.0072 0.0072 0.1 0.10
99 990 0.0050 0.0074 1.2121 0.3126 0.0043 0.9975 0.0072 0.0072 0.1 0.10

100 1000 0.0050 0.0074 1.2195 0.3169 0.0043 1.0047 0.0072 0.0072 0.1 0.10
101 1010 0.0040 0.0059 1.2254 0.3203 0.0035 1.0105 0.0058 0.0058 0.1 0.09
102 1020 0.0040 0.0059 1.2314 0.3238 0.0035 1.0163 0.0058 0.0058 0.1 0.08
103 1030 0.0040 0.0059 1.2373 0.3273 0.0035 1.0221 0.0058 0.0058 0.1 0.08
104 1040 0.0040 0.0059 1.2432 0.3308 0.0035 1.0279 0.0058 0.0058 0.1 0.08
105 1050 0.0040 0.0059 1.2491 0.3343 0.0035 1.0337 0.0058 0.0058 0.1 0.08
106 1060 0.0040 0.0059 1.2550 0.3378 0.0035 1.0395 0.0058 0.0058 0.1 0.08
107 1070 0.0040 0.0059 1.2610 0.3413 0.0035 1.0453 0.0058 0.0058 0.1 0.08
108 1080 0.0040 0.0059 1.2669 0.3449 0.0035 1.0511 0.0058 0.0058 0.1 0.08
109 1090 0.0040 0.0059 1.2728 0.3484 0.0035 1.0569 0.0058 0.0058 0.1 0.08
110 1100 0.0040 0.0059 1.2787 0.3520 0.0036 1.0627 0.0058 0.0058 0.1 0.08
111 1110 0.0040 0.0059 1.2846 0.3555 0.0036 1.0685 0.0058 0.0058 0.1 0.08
112 1120 0.0040 0.0059 1.2906 0.3591 0.0036 1.0743 0.0058 0.0058 0.1 0.08
113 1130 0.0040 0.0059 1.2965 0.3627 0.0036 1.0801 0.0058 0.0058 0.1 0.08
114 1140 0.0040 0.0059 1.3024 0.3663 0.0036 1.0859 0.0058 0.0058 0.1 0.08
115 1150 0.0040 0.0059 1.3083 0.3699 0.0036 1.0917 0.0058 0.0058 0.1 0.08
116 1160 0.0040 0.0059 1.3142 0.3736 0.0036 1.0975 0.0058 0.0058 0.1 0.08
117 1170 0.0040 0.0059 1.3202 0.3772 0.0036 1.1033 0.0058 0.0058 0.1 0.08
118 1180 0.0040 0.0059 1.3261 0.3808 0.0036 1.1091 0.0058 0.0058 0.1 0.08
119 1190 0.0040 0.0059 1.3320 0.3845 0.0037 1.1150 0.0058 0.0058 0.1 0.08
120 1200 0.0040 0.0059 1.3379 0.3882 0.0037 1.1208 0.0058 0.0058 0.1 0.08
121 1210 0.0040 0.0059 1.3438 0.3918 0.0037 1.1266 0.0058 0.0058 0.1 0.08
122 1220 0.0040 0.0059 1.3498 0.3955 0.0037 1.1324 0.0058 0.0058 0.1 0.08
123 1230 0.0040 0.0059 1.3557 0.3992 0.0037 1.1382 0.0058 0.0058 0.1 0.08
124 1240 0.0040 0.0059 1.3616 0.4029 0.0037 1.1440 0.0058 0.0058 0.1 0.08
125 1250 0.0040 0.0059 1.3675 0.4066 0.0037 1.1498 0.0058 0.0058 0.1 0.08
126 1260 0.0040 0.0059 1.3734 0.4104 0.0037 1.1556 0.0058 0.0058 0.1 0.08
127 1270 0.0040 0.0059 1.3794 0.4141 0.0037 1.1615 0.0058 0.0058 0.1 0.08
128 1280 0.0040 0.0059 1.3853 0.4178 0.0037 1.1673 0.0058 0.0058 0.1 0.08
129 1290 0.0040 0.0059 1.3912 0.4216 0.0038 1.1731 0.0058 0.0058 0.1 0.08
130 1300 0.0040 0.0059 1.3971 0.4253 0.0038 1.1789 0.0058 0.0058 0.1 0.08
131 1310 0.0040 0.0059 1.4030 0.4291 0.0038 1.1847 0.0058 0.0058 0.1 0.08
132 1320 0.0040 0.0059 1.4090 0.4329 0.0038 1.1906 0.0058 0.0058 0.1 0.08
133 1330 0.0040 0.0059 1.4149 0.4367 0.0038 1.1964 0.0058 0.0058 0.1 0.08
134 1340 0.0040 0.0059 1.4208 0.4405 0.0038 1.2022 0.0058 0.0058 0.1 0.08
135 1350 0.0040 0.0059 1.4267 0.4443 0.0038 1.2080 0.0058 0.0058 0.1 0.08
136 1360 0.0040 0.0059 1.4326 0.4481 0.0038 1.2138 0.0058 0.0058 0.1 0.08
137 1370 0.0040 0.0059 1.4386 0.4519 0.0038 1.2197 0.0058 0.0058 0.1 0.08
138 1380 0.0040 0.0059 1.4445 0.4558 0.0038 1.2255 0.0058 0.0058 0.1 0.08
139 1390 0.0040 0.0059 1.4504 0.4596 0.0038 1.2313 0.0058 0.0058 0.1 0.08
140 1400 0.0040 0.0059 1.4563 0.4635 0.0039 1.2371 0.0058 0.0058 0.1 0.08
141 1410 0.0040 0.0059 1.4622 0.4673 0.0039 1.2430 0.0058 0.0058 0.1 0.08
142 1420 0.0040 0.0059 1.4682 0.4712 0.0039 1.2488 0.0058 0.0058 0.1 0.08
143 1430 0.0040 0.0059 1.4741 0.4751 0.0039 1.2546 0.0058 0.0058 0.1 0.08
144 1440 0.0040 0.0059 1.4800 0.4790 0.0039 1.2604 0.0058 0.0058 0.1 0.08
145 1450 0.0040 0.0059 1.4859 0.4829 0.0039 1.2663 0.0058 0.0058 0.1 0.08
146 1460 0.0040 0.0059 1.4918 0.4868 0.0039 1.2721 0.0058 0.0058 0.1 0.08
147 1470 0.0040 0.0059 1.4978 0.4907 0.0039 1.2779 0.0058 0.0058 0.1 0.08
148 1480 0.0040 0.0059 1.5037 0.4946 0.0039 1.2838 0.0058 0.0058 0.1 0.08
149 1490 0.0040 0.0059 1.5096 0.4986 0.0039 1.2896 0.0058 0.0058 0.1 0.08
150 1500 0.0040 0.0059 1.5155 0.5025 0.0039 1.2954 0.0058 0.0058 0.1 0.08
151 1510 0.0040 0.0059 1.5214 0.5064 0.0039 1.3013 0.0058 0.0058 0.1 0.08
152 1520 0.0040 0.0059 1.5274 0.5104 0.0040 1.3071 0.0058 0.0058 0.1 0.08
153 1530 0.0040 0.0059 1.5333 0.5144 0.0040 1.3129 0.0058 0.0058 0.1 0.08
154 1540 0.0040 0.0059 1.5392 0.5183 0.0040 1.3188 0.0058 0.0058 0.1 0.08
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Project: Snohomish County Airport, Paine Field Passenger Terminal 

Date: 10/20/2016

Airside OWS Sizing Calculations

Airside pavement = 2.35 AC

WQ flow rate = 72% of 2‐year design storm

2‐year, 24‐hour peak flow rate (per SBUH calc) = 0.82 CFS

(Tc = 6 minutes; Majority of site is paved)

WQ flow rate = 0.59 CFS

264.99 GPM

270

Projected surface areas of plates:

Angle of plates, H = 60 degrees from the horizontal plane

Ah = Q/Vt 959.0 SF (effective/projected horizontal surface area)

Aa = Ah/cos(H) = 1917.9 SF (actual surface area)

Min volume required approx =  800 CF

5984 GAL

Designed Volume = 840 CF

6283.2 GAL

Vault Height =  6.0 FT (not including 1 ft freeboard height)

Vault Length = 20.0 FT

Vault Width = 7.0 FT

Vault Footprint = 133.3 SF

Forebay Length = 7.0 FT (Must be 1/2 to 1/3 of Vault length)

Forebay/Vault Length = 0.4 FT/FT

Forebay SA = 231.0 SF

Min Forebay SA = 204.7 SF (20 SF recommended for every 10,000 SF of contributing drainage area)

Oil Separation Cell = 5.0 FT

Afterbay Length = 8.0 FT (8 FT min per County Detail)

Afterbay/Vault Length = 0.4 FT/FT



Paine Field Passenger Terminal – Stormwater Calculations 

 

7.0 CONVEYANCE SIZING 

 Drawing attached with areas outlined, attached. 
 Refer to Pipe sizing summary table, attached. 
 Refer to select FlowMaster output, attached. 
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Paine Field Passenger Terminal – Stormwater Site Plan 

 

APPENDIX B:  DOWNSTREAM ANALYSES 
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Paine Field Passenger Terminal – Stormwater Site Plan 

 

APPENDIX C:  MAINTENANCE STANDARDS 

  













































































































Paine Field Passenger Terminal – Stormwater Site Plan 

 

APPENDIX D: REFUELLER SPILL ANALYSIS 

  







Paine Field Passenger Terminal – Stormwater Site Plan 

 

APPENDIX E: PUMP DATA 

 

  





























Paine Field Passenger Terminal – Stormwater Site Plan 

 

APPENDIX F: TESC COST ESTIMATE 
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